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Appln. No. 09/711,896 

Amd. dated July 12, 2004 

Reply to Office Action of January 21 , 2004 



REMARKS 

The final Action mailed January 21, 2004, has been 
carefully studied. The claims in the application remain as 
claims 1 and 4-25, of which claims 10-23 have been withdrawn 
from further consideration as being directed to a non-elected 
invention. The claims examined are claims 1, 4-9, 24 and 25. 1 
Applicants again respectfully submit that their claims define 
novel and unobvious subject matter and should be allowed, 
whereby applicants respectfully request favorable 
reconsideration, entry of the amendments presented above, and 
allowance. Applicants also request withdrawal of the finality 
of the Office Action of January 21, 2004, as "premature" for 
the reasons given below at pages 16 and 17. 



Claims 1, 4-6, 24 and 25 have been again rejected 
under §102 as anticipated by Akita, and claims 1 and 9 have 
been again rejected as obvious under §103 from Akita. 2 These 
rejections are again respectfully traversed. 



1 Paragraph 2 on numbered page 2 of the final Action appears to be in part 
incorrect, as claim 4 was not previously amended, the total number of 
claims are greater than as indicated, and it is claims 25 rather than claim 
26 which is under examination. 

2 Applicants agree that claim 9 incorporates the subject matter of claim 1. 
Also, claim 1 encompasses the subject matter of claim 9, but is not limited 
to the part of claim 9 which appears in dependent form. Applicants 
continue to maintain that the rejections of claim 1 on both §102 and §103 
are inconsistent, not withstanding In re Best et al , 195 USPQ 430, 434, 
note 4 (CCPA 1977) because the rejection in Best was alternatively under 
§§102 and 103, not under both sections. Applicants maintain their position 
of inconsistency as previously pointed out. 
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First, applicants respectfully repeat by reference 
what they have already stated regarding Akita (which document, 
incidentally, comes from the laboratories of the Assignee, it 
being further noted that the last named of the present 
applicants is also a co-author of the Akita et al 
publication) . Attached is an annotated clean copy of the 
Akita et al publication. 

The rejection states at page 5, first paragraph, 
that Akita 's Figure 6 does teach that the mAb 25-2G antibody 
reacts with higher intensity with prohIL-18 and that the 
intensity is viewed as being equivalent to at least ten times 
higher as compared with the immunoreactive intensity with 
mature hIL-18. In view of this, the rejection concludes that 
rejected claims are anticipated by Akita. 

However, it is respectfully submitted that the 
examiner's understanding of Akita as expressed in the 
rejection is not correct. Contrary to what is stated in the 
rejection, and as can be seen from Figure 6A of the attached 
copy of Akita, immunoreactive intensity of mAb 25-2G antibody 
with prohIL-18 clearly appears to be lower than that with 
mature hIL-18, or at worst is no more than the same as that 
with mature hIL-18. In view of this, it is submitted that mAB 
25-2G antibody disclosed in Akita is clearly different from 
the claimed antibody as defined in claim 1. 
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From Figure 6B referred to by the examiner, it may 
be considered that immunoreactive intensity of mAB 25-2G 
antibody with prohIL-18 is higher than that with mature hIL-18 
because the band corresponding to prohIL-18 is denser (i.e. 
wider) than the band corresponding to mature hIL-18. However, 
it should be noted that the density of the bands as shown in 
Figure 6B doe not directly indicate the immunoreactive 
intensity . 

Mature hIL-18 on Figure 6B is formed from prohIL-18 
under the action of "partially purified recombinant hICE" . 
Since the formation reaction of mature hIL-18 from prohIL-18 
is not complete, the amount of thus formed mature hIL is 
relatively small. This incompleteness of formation reaction 
of mature hIL-18 results in less density of the band in Figure 
6B. The apparent density of the band corresponding to prohlL- 
18 looks as though it is higher than that of the band 
corresponding to mature hIL-18. However, this is just 
appearance. 

Applicants believe and submit that the 
immunoreactive intensities of mAB 25-2G antibody with mature 
hIL-18 and prohIL-18 should be evaluated from the density and 
width of the bands as shown in Figure 6A. The density and 
width of the band designated as "prohIL-18" in Figure 6Ax 
(indicated as "X" by hand writing on the attached annotated 
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copy of Akita) , which corresponds to prohIL-18 before "hIL-18- 
CE" acts on the same, should be compared with those of the 
band designated as "mature hIL-18" in Figure 6A (indicated as 
"Y" by handwriting on the attached annotated copy of Akita) ,, 
which corresponds to "mature hIL-18" fully converted from 
"prohIL-18" by the action of "hiL-18-CE". 

If one supposes from Figure 6B that the 
immunoreactive intensity of mAb 25-2G antibody with "prohlL- 
18" is higher than that with "mature hIL-18", then the band 
corresponding to "prohIL-18" in Figure 6A should be denser and 
wider than the band corresponding to "mature hIL-18". 
However, this is not the case. In this regard, it is 
respectfully submitted that the examiner's assertion is not 
correct. Akita discloses no similar antibodies other than mAB 
25-2G. 

The facts are as stated above, and the facts lead to 
the conclusion that claim 1 (and therefore none of applicant's 
claims) are anticipated by Akita. 

The rejections now appear more clearly to be in part 
based on assumed inherency, i.e. the PTO appears to assume 
that because of the data presented in Akita that Akita 
inherently discloses applicants' isolated antibody to an 
interleukin-18 precursor. In support of its inherency 
position, the PTO seeks to shift the burden to applicants to 
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prove contrary to what is assumed, the PTO relying on In re 
Best et al, 195 USPQ 430 (CCPA 1977). But reliance on In re 
Best et al is inappropriate because the assumed inherency is 
not inevitable or reasonably certain. 

As regards the PTO's reliance on In re Best et al, 
it is inappropriate in part because the evidence in the 
present case is that the claimed and prior art products are 
NOT identical or substantially identical, nor are they 
produced by identical or by substantially identical processes, 

as pointed out above. 

in this regard, applicants respectfully revert to the 

Re ply, which the PTO has overlooked in applying Akita. The law 

is clear, as appears from In re BrinK, 164 USPQ 247, 249, that 

Absent a showing [by the PTO] of some 
reasonable certainty of inherency, the 
rejection ... under 35 USC 102 must faxl. 

See also Ex parte Cyt-a , 155 USPQ 756, 757 (1967); and In re 
Oelrich, 212 USPQ 323, 326 (1981); inherency must be "certain" 
or "inevitable". More recent cases supporting applicants- 
position in this regard include Scnering Corp v. Geneva 
Pharmaceuticals, Inc f 67 USPQ2d 1664 (Fed Cir 2003): 

[A] prior art reference may anticipate 
without disclosing a feature of the 
claimed invention if that missing 
characteristic is necessarily present, or 
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inherent, in the single anticipating 
reference, (emphasis added) 

Also see the so-called "unpublished" decision in Holbrooks v. 
Bacchi, 69 USPQ2d 1696, 1699 (BPAI 2003) where the Board 
stated: 

It is not sufficient for inherency that a 
person following the disclosure of Holbrooks 
might obtain the result set forth in the 
claims, it must invariably happen (citations 
omitted; emphasis added) 

Again also see Toro Co v. Deere & Co., 69 USPQ2d 1584 (Fed Cir 
2004). 

The PTO is in no position to validly allege inherency, 
because inherency is not certain and it is not inevitable, and 
indeed absolutely does not exist as it is clear from Akita, as 
pointed out above. 

As the rejection based on §103 is in part based on 
the assumed inherency of the disclosure of Akita, and as that 
assumed inherency is incorrect, the rejection under §103 must 
fall for the same reasons. 

Applicants again respectfully request withdrawal of 
the rejection. 

The Office Action contains a statement near the 
bottom of page 4 to the effect that the "industrial usefulness 
of a product represents the intended use of that product and 
has no patentable weight." This is not so. The usefulness of 
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a product, wherein the prior art product does not have that 
usefulness, is part of the invention "as a whole". In other 
words, it is an inherent property of that product, an inherent 
property which the prior art product does not necessarily 
possesses. Moreover, particularly as regards claim 9 which is 
directed to a kit, as Akita discloses no motive or incentive 
for assembling an immunoassay kit, it cannot validly be said 
that it would have been obvious to do so (as called for in 
claim 9) from the disclosure of Akita. 

This is clearly an obviousness matter, and Akita 
does not disclose anything which would have caused the person 
of ordinary skill in the art to assemble an immunoassay kit 
embodying any material of Akita. Stated in yet another way, 
the teaching of a kit comes only from applicants' disclosure, 
not from any other prior art applied. 

The rejection of claim 9 should also be withdrawn 
for these additional reasons, and such is respectfully 
requested . 

Claims 1, 4-9, 24 and 25 have been rejected under 
the second paragraph of §112. The rejection is respectfully 
traversed. 

Applicants believe that the claims as previously 
drafted, considered in light of applicants 1 specification 
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(fully consistent with the law), would not have been confusing 
to those skilled in the art, and therefore the claims in their 
previous form are fully in accordance with §112. At worst, 
claim 1 in its previous form might be considered 
objectionable, but only as to form, requiring no substantial 
amendment relating to patentability. 

Nevertheless, in deference to the examiner's views 
and to avoid needless argument, applicants propose to amend 
claim 1 as submitted above. Such an amendment is considered 
to be of a formal cosmetic nature only, i.e. made to place the 
claims in improved form consistent with the examiner's 
understanding of what is necessary or desirable under U.S. 
practice. Applicants submit that the amendments proposed are 
not "narrowing" amendments because the scope of the claims is 
not reduced by such amendments. 

To elaborate upon what is stated above, the 
amendment proposed above for claim 1 merely replaces the word 
"specific" with the definition of what "specific" means in the 
context of the present invention, support being found in 
applicant's specification at page 7, lines 16-20. 

Applicants respectfully request entry of the 
amendments presented above and withdrawal of the rejection. 
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The claims have also been rejected under the first 
paragraph of §112 for substantially the same reasons as given 
for the rejection of claim 1 under the second paragraph of 
§112. This rejection is respectfully traversed. 

The rejection indicates that the phrase in claim 1, 
"a higher immunoreactivity to said interleukin 18 precursor 
than to mature interleukin 18 by at least 10 times" is not in 
conformity with the description at page 35, lines 6-8, "Each 
antibody exhibited an immunoreactivity against human IL-18 
only at about 10 to about 2% or less of that against human IL- 
18 precursor". However, the applicant does not agree with the 
rejection for the following reasons. 

It should be noted that the description pointed out 
in the rejection refers "about 10 to about 2%" . "10%" 
corresponds to 1/10 of 100% and "2%" corresponds to 1/50 of 
100%. The description therefore states that each antibody 
exhibited immunoreactivity against human IL-18 precursor about 
10 to 50 times of that against human IL-18. 

Furthermore, the specification at page 7, line 6 

from the bottom to page 8, line 1, states as follows; 

"For example, when the levels of the 
immunoreactivity of the present antibody are 
compared between the cases against mature L- 
18 and IL-18 precursor, the immunoreactivity 
against mature IL-18 is apparently lower 
than that against the precursor; at an 
intensity of, usually, at most 10%, 
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preferably, at most 2%, and more preferably, 
at most 1% of that against the precursor." 

This statement corresponds to what we submit. 

It is therefore believed that the rejection under 35 
U.S.C. §112, first paragraph, has no reasonable grounds. 

Again, the proposed amendment to claim 1 is of a 
formal nature only, as pointed out above (please again see 
page 7, lines 16-20 of applicants 1 specification) and does not 
change the scope of the claims. 

As the term "specific" is fully supported in 
applicant's specification, and means exactly the same thing as 
what is meant by the addition to claim 1 as proposed above, no 
new matter and no new issue are involved, whereby applicants 
again respectfully request entry of the amendments presented 
above, as well as withdrawal of the rejection under the first 
paragraph of §112. 

Claims 1, 4-8 and 24 have been rejected under §103 

as obvious from Yong in view of Campbell (see paragraph 23 of 

the final rejection) . This rejection is respectfully 
traversed. 

This is a new rejection which clearly was not 

necessitated by any amendments presented in the last Reply by 

the applicants. Accordingly, applicants request withdrawal of 

the finality of the Office Action mailed January 21, 2004. 
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As to the merits of this new rejection, the 
rejection asserts that it would have been obvious to one of 
ordinary skill in the art to generate and isolate a monoclonal 
or polyclonal antibody to Yong 1 s purified interleukin 18 
precursor expressed in E. coli using art-known antibody 
production techniques such as shown in Campbell. 

The applicants, however, respectfully disagree 
strongly. It is apparent to one of ordinary skill in the art 
that it requires undue experimentation to obtain the desired 
antibody. In fact, Akita et al failed to obtain the claimed 
antibody . 

Furthermore, it is submitted that Yong does not 
provide any motivation to obtain an antibody of "a purified 
recombinant human IL-18 precursor expressed in E. coli". 
Neither does Campbell. Therefore, even if the proposed 
combination were obvious, not conceded by applicants, such 
combination would not reach or even lead to the claimed 
subject matter. < 

Withdrawal of this new rejection is in order and is 
respectfully requested . 

Claims 9 and 25 have also been rejected as obvious 
under §103 from Yong in view of Campbell. This rejection is 
respectfully traversed for the same reasons as indicated above 
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relative to the rejection of claim 1 as obvious from Yong in 
view of Campbell. 

Moreover, as the dependent portions of claim 9 and 
25 add additional features, and as these additional features 
are not expressly taught or made obvious by the applied prior 
art, claims 9 and 25 define additional non-obvious subject 
matter over the prior art. 

Applicants respectfully request withdrawal of this 

rejection. 

Applicants again request favorable reconsideration, 

entry of the amendments presented above and formal allowance. 

Respectfully submitted, 

BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Applicant (s) 




By 

Sheridan' Neiirtark 
Registration No. 20,520 
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Recently, human interleukin 18 (hIL-18) cDNA was 
cloned, and the recombinant protein with a tentatively 
assigned NH 2 - terminal amino acid sequence was gener- 
ated Howevlr, natural hIL-18 has not yet been isolated 
and its cellular processing is therefore still unclear. To 
clarify this, we purified natural ML-18 from the cytoso- 
Hc exiract of monocytic THP.l cells^ Natural hIL-18 ex- 
hibited a molecular mass of 18.2 kDa, and the NH a -ter- 
minal amino acid was Tyr 37 . Biological activities of the 
purified protein were identical to those of recombinant 
hIL-18 with respect to the enhancement of natural killer 
cell cytotoxicity and interferon-v production by human 
peripheral blood mononuclear cells. We also found two 
Precursor hIL-18 (prohIL-18).processing activities in 
the cytosol of THP.l cells. These activities wer « locked 
separately by the caspase inhibitors Ac-YVAD-CHO and 
Ac-DEVD-CHO. Further analyses of the partially puri- 
fied enzymes revealed that one is caspase-1, which 
cleaves prohIL-18 at the Asp 36 -Tyr 37 site to generate the 
mature hIL-18, and the other is caspase-3, which cleaves 
both precursor and mature hIL-18 at Asp 71 -Ser and 
A 7e_ Asn 77 to generate biologically inactive products. 
These results suggest that the production and process- 
ing of natural hIL-18 are regulated by two processing 
enzymes, caspase-1 and caspase-3, in THP.l cells. 

Interleukin (11^-18 (originally called IGIF, interferon-rin- 
ducing factor) is a novel cytokine with multiple biological func- 
tions In 1995 we purified murine IL-18 from the liver extracts 
of mice sensitized with Propionibacterium acnes followed by 
elicitation with lipopolysaccaride (1). The cDNA of murine 
IL-18 was cloned from cDNA libraries prepared from the livers 
of mice with endotoxin shock (2). Using this as a probe, human 
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IL-18 cDNA was also cloned from a human normal liver cDNA 
library (3). The recombinant human IL-18 with a tentatively 
assigned NH 2 -terminal amino acid based on its homology with 
the natural murine IL-18 sequence was expressed in Esche- 
richia coli, and its biological activities were examined (3). 

IL-18 has an interleukin 1 (IL-D signature-like sequence (3) 
as reported and is similar to the 1L-1 family and fibroblast 
growth factor in terms of their trefoil structures (4, 5). Despite 
their similarities, IL-18 and IL-10 exhibit different biological 
activities (2, 3, 6), transmitted through their specific recep- 
tors. 2 Genetic information suggested that IL-18 is synthesi2ed 
as an inactive precursor form (prohIL-18) and that this pro- 
hIL-18 has no known signal peptide sequence. Therefore, pro- 
teolytic cleavage is required for its maturation like IL-10 (2, 3, 
7 8). Gu et al. (7) reported that IL-1 |3-converting enzyme (ICE)/ 
caspase-1 cleaved murine proIL-18 at the authentic processing 
site, Asp 35 -Asn 36 , to generate biologically active mature mu- 
rine IL-18. However, natural hIL-18 had not yet been isolated, 
and its maturation site remained unclear. 

In this report, we screened for hIL-18 mRNA-expressing cell 
lines and purified natural hIL-18 from the cell-free extract of 
positively expressing cells. Furthermore, we identified two hlL- 
18-processing enzymes in the same cellular extract. One en- 
zyme is ICE/caspase-1, which acts on prohIL-18 to generate the 
mature active form of hIL-18, and the other is CPP32/ 
caspase-3, which acts on both the prohIL-18 and the mature 
hIL-18 to generate biologically inactive degraded products. 
This is the first report on the identification of natural hIL-18 
and its processing' enzymes existing in the same cells. 

EXPERIMENTAL PROCEDURES 
Reagents and Antibodies 
TVtrataentidvl ICE-like protease inhibitor Ac-YVAD-CHO and 
CPpS pro ease inhibitor Ac-DEVD-CHO, and ICE- and CPP32- 
Uke protease fluorogenic substrates Ac-YVAD-MCA anc I Ac -DEVD- 
MCA, respectively, were purchased from the Peptide Institute (Osaka, 
Japan). Neutralizing and non-neutralizing anti-hIL-18 murine mono- 
clonal antibodies (mAbs) 125-2H (IgG) and 25-2G (IgG) were raised 
against the recombinant protein in our laboratory. Human IL-10 pre- 
cursor and anti-precursor human IL-1/3 ^bbi* Polyclonal antibody 
(pAb) were obtained from Cistron (Pine Brook, NJ . Anti-human ICE- 
P 20 subunit, anti-human CPP32, anti-human poly(ADP-nbose)poly- 
merase goat pAbs, and anti-human ICE-plO subunit rabbit pAb were 
purchased from Santa Cruz Biotechnology Inc. (Santa Cruz CAX Re- 
combinant purified human (His) 6 -tagged CPP32, (His) 6 -tagged CMH-1, 



* Torigoe, K., Ushio, S., Okura, T., Kobayashi, S Taniai, M Kuni- 
kata T Murakami, T., Sanou, O., Kojima, H„ Fujn, M., Ohta, T., 
Ikedk, M.,^TgaSrH., and Kurimoto, M. (1997) </. Biol. Chem., in press. 
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and anti-CMH-1 rabbit antiserum (antibody 25) were prepared at Ver- 
tex Pharmaceuticals Inc. (Cambridge, MA). 

Cell Culture 

42 hematopoietic cell lines were cultured for the screening of hIL-18 
mRNA in RPMI 1640 medium supplemented with 10% heat-inactivated 
Sal bovine serum ( Whittaker, Walkersville, MD), 100 units/ml peni- 
cillin, and 50 /xg/ml streptomycin. Cells were cultured under standard 
conmtions in a humidified 6% CO a and air mixture at 37 °C To obtain 
large amounts of THP.l cells, an in vivo cell propagation method using 
immunosuppressed hamsters was applied as described previously (9, 
10) Briefly 6 X 10 6 THP.l cells were transplanted subcutaneously mto 
newborn hamsters and injected intraperitoneal^ with OA ml of a .rabbit 
antiWer thymocyte serum (J R Scientific, Inc., Woodland CA^ 
Every 3 or 4 days after the transplantation, these hamsters were given 
0.1 ml of the serum intraperitoneal^ After 3 weeks, the solid tvunor 
masses of THP.l cells were harvested, rinsed thoroughly with RPMI 
1640 medium, and small tumor masses were dispersed by scissors and 
then passed through stainless steel meshes to obtain a single cell 
suspension. 

HIL-18 mRNA Screening Using Reverse Transcription-PCR 
Total RNAs were isolated from various cell lines by ULTRASPEC-3 
(Biotecx, Houston, TX) in accordance with ^e supplier's m stations. 
The RNAs were reverse transcribed and amplified by PCR. The tner- 
mocycle conditicns were 30 or 35 cycles of 94 *C for 1 min 55 C for 1 
min and 72 °C for 1 min, for denaturation, annealing, and extension, 
respectively. The sequences of the primer P/ir for h ^ ^ er l V 
GCTTGAATCTAAATTATTATCAGTC-3 and 5 -C AAATTGC ATCT- 
TATT ATC ATG-3 ' which produced a 335-base pair product. The PCR 
products were run on 3% agarose gels and visualized with ethidium 
bromide staining. 

Purification of Natural hIL-18 
All purification steps were performed at 4 °C except for DEAE-5PW 
chromatography, which was carried out at room temperature 

Step ^Preparation of a Cell- free Extract of THP, I — A THP. 1 cell-free 
extract was prepared by hypotonic lysis (11), Briefly, the cell pellets 
from 5 X 10 11 THP.l cells were washed once with 10 volumes ot 
hypotonic buffer (20 mM Hepes, P H 7.4, 10 mM KC1, 15 mM ^MgCl 2 , 0.1 
mM EDTA-2Na) and were collected by centrifugation at 1,000 x g ■ for 10 
min The resulting cell pellets were resuspended in 3 volumes of hypo- 
tonic buffer and frozen at -20 °C until use. Cells were disrupted by 
three cycles of freeze-thawing, and cell debris was removed by centrif- 
ugation at 10,000 x g. The cell-free extract obtained was then dialyzed 
against 10 mM phosphate buffer (PB) at pH 6.6 

Step 2- DEAE-Sepharose Fast Flow Chromatography -The cell-free 
extract (7.2 liters) from step 1 was loaded onto a 3. 6-hter DEAE- 
Sepharose Fast Flow column (Pharmacia Biotech Inc.) equihbrated 
with 10 mM PB at pH 6.6. After washing with the same buffer, the 
extract was eluted with 10 mM PB containing 0.2 M NaCl and then 0 5 
M NaCl The fractions containing hIL-18 activity eluted with 0.2 M NaCl 
(8 0 liters) were pooled and concentrated to 1.0 liter with a hollow fiber 
membrane module AIP-1010 model (Asahi Chemical Industry, Tokyo, 
Japan) and dialyzed overnight against 20 mM PB at pH 6.8. 

Step 5* DEAE-6PW Chromatography — The dialyzed product from 
step 2 was passed through a 0.22- jam Millipak filter (Millipore, Bedford, 
MA) loaded onto a 550-ml DEAE-5PW column (Tosoh, Tokyo) equili- 
brated with 20 mM PB at pH 6.8, and washed with the same buffer. 
Elution was carried out with 6 bed volumes of a linear salt gradient 
(0-0 5 M NaCl), and 25-ml elute fractions were collected. hIL-lB activ- 
ity was eluted at 90-200 mM NaCl in 20 mM PB, and fractions 44-54 
containing the activity were pooled and concentrated to 50 ml with 
hollow fiber membranes, Mini-module model NM-3 (Asahi Chemical 
Industry), . 

Step 4: Affinity Chromatography- A hIL-18 affinity column was pre- 
pared using CNBr-activated Sepharose 4B (Pharmacia) and anti- 
hIL-18 murine mAb (125-2H) in our laboratory. The pooled and concen- 
trated preparation from step 3 was applied onto a 1-ml hIL-18 affinity 
column equilibrated with phosphate-buffered saline at pH 7.2. After 
WM hmg with tho same buflor extensively, the sample was eluted with 

100 mM glycine-HCl buffer containing 0,1 M NaCl at pH 2.5. Eluted 
fractions were neutralized immediately with 1.0 m Trie. 

Step 5: Reverse Phase C A Chromatography —The hi L- 18 -containing 
fractions from step 4 were loaded onto a 4. 2- ml reverse phase ASA- 
HIPAK C 4 P-50 4E column (Showa Denko, Tokyo), equilibrated with 
0.1% trifluoroacetic acid, and the column was washed with the same 



buffer Next, the sample was eluted with 24 bed volumes of an increas- 
ing acetonitrile linear gradient (0-90% acetonitrile). The main peak 
fraction eluted at about 40% acetonitrile and was used for peptide 
mapping of natural hIL-18. 

Biological Analysis of Natural hIL-18 
IFN-7 production assay and NK cell cytotoxicity assay were per- 
formed as described previously (3). 

Separation of hIL- 18- converting Activity (1CA) and -, 
hIL-18-degrading Activity (IDA) 
As in the previous procedures, all purification steps were performed 
at 4 °C except for DEAE-5PW chromatography, which was carried out 

^^tt^l^rtpTr^tion of a Cell-free Extract of THP.l -THP.l cells 
(2.0 x 10 11 cells) were obtained as described above. Cell-free extract 
was prepared by the method of Miller et al. (12). 

Step 2- Ammonium Sulfate Fractionation - Granular ammonium sul- 
fate was added to the extract to reach 40% saturation. The solution was 
stirred for 20 min, and the resulting precipitate was removed by cen- 
trifugation. The supernatant was then brought to 80% saturation with 
ammonium sulfate, and the precipitate collected by centrifugation was 
resuspended in TGCD buffer (20 mM Tris, pH 7.8, 5% glycerol, 0.1% 
CHAPS, 2 mM dithiottireitol (DTT)), and dialyzed against the same 
fresh buffer for 16 h. 

Step 3: DEAE-5PW Chromatography -The dialyzed fraction from 
step 2 was passed through a 0.22-^m poly(vinylidene fluoride) mem- 
brane filter (Millipore). Half of the preparation was loaded onto a 
550-ml DEAE-5PW column equilibrated with TGCD buffer and washed 
with the same buffer. The extract was eluted in two batches of 45-ml 
fractions with 4.5 bed volumes of a linear salt gradient (0-0.25 M NaCl). 
Fractions containing ICA (fractions 17-21 eluting at about 100 mM 
NaCl) and IDA (fractions 33-48 eluting at 150-210 mM NaCl) were 
pooled separately and dialyzed against HGCD buffer (20 mM Hepes, pH 
7.2, 5% glycerol, 0.1% CHAPS, 2 mM DTT). These two preparations 
were subjected to further purification. 

Partial Purification of ICA 
Step J: S-Sepharose Chromatography -Half of the dialyzed fraction 
containing ICA was loaded onto a 20-rnl S-Sepharose column (Pharma- 
cia) equilibrated with HGCD buffer and washed with the same buffer. 
Then the sample was eluted in two batches of 5-ml fractions with 6 bed 
volumes of a linear salt gradient (0-0.12 M KC1). Fractions 23-26 
containing ICA eluted at 50-80 mM KC1 in HGCD buffer and were 
pooled and dialyzed against HGCD buffer. 

Step 2: Concentration using Mono S Column -This microvolume 
concentration step was carried out with a SMART system (Pharmacia) 
in accordance with the supplier's instructions. One-third of the dialyzed 
fractions containing ICA was loaded onto a 0.1-ml Mono S column 
(Pharmacia) equilibrated with HGCD buffer and washed with the same 
buffer. Then the sample was eluted in three batches of 25-m-I fractions 
with an HGCD buffer containing 0.5 m KC1. Fractions 3-5 containing 
ICA were pooled and used in the next process. 

Step 3: Superdex 200 Gel Filtration -One-third of the pooled frac- 
tions from step 2 was loaded onto a 2.4-ml Superdex 200 column 
(Pharmacia) equilibrated with HGCD buffer. The sample was eluted in 
three batches of 80-^1 fractions with the same buffer. ICA was eluted m 
fractions 11-14. Biologically active fractions were pooled and subjected 
to NH 2 -terminal analysis of the polypeptides. 

Partial Purification of IDA 
Step 1: S-Sepharose Chromatography -One-third of the dialyzed 
fraction containing IDA was loaded onto a 20-ml S-Sepharose column 
equilibrated with HGCD buffer at pH 7,0 and washed with the same 
buffer. The sample was then eluted in three batches of 10-ml fractions 
with HGCD buffer containing 0.5 M KC1. Fractions 3-5 containing IDA 
were pooled and dialyzed against 25 mM Bis-Tris buffer at pH 7.1. 

Step 2: Mono P Chromatofocusing -Half of the dialyzed pool from 
step 1 was loaded onto a 20-ml Mono P column (Pharmacia) equili- 
brated with 25 mM Bis-Tris buffer at pH 7.1 and washed with the same 
buffer. The sample was eluted in two batches of 8-ml fractions with 10% 
polybuffer (Pharmacia) and iminodiacetic acid at pH 5.0, which gener- 
ates a decreasing linear pH gradient (pH 7.1-5.0). Fractions containing 
IDA (pH 5.8-6.0) were pooled and dialyzed against HGCD buffer. 

Step 3: Superdex 200 Gel Filtration -The, dialyzed pooled fractions 
from step 2 were concentrated and loaded onto a 1 20-ml Superdex 200 
column (Pharmacia) equilibrated with HGD buffer (HGCD buffer with- 
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out CHAPS) at P H 7.4. IDA was eluted in fractions 29-35. Fractions 

containing IDA were pooled and used in next process. 

contammg P chromatography -The pooled fractions from 

stepTwt^otdTdTn two batches onto a 4.4^1 ^£S£ 
fTonen Tokvo) equilibrated with HGD buffer at pH 7.4. The sample 
waTth'en tute in 0.6-ml fractions with 5 bed volumes of a linear 
Dhosohate gradient (0-0.5 m). Fractions containing IDA eluted at 500 

phosphfte in HGD buffer in fractions 64 and 66. which were pooled _ 
Tnd subjected to NH a -terminal analysis of the polypeptides. 

NH 2 -terminal Analysis and Peptide Mapping 
Amino acid sequences of the NH a -terminal portions of Purifi"! 
uralhu!l8 and processed forms of hIL-18 ( P 18, P 16 and pl5) and of 
nartiaiy purified hIL-18-processing ensymes were determined with an 
automatedTrotain sequencer model 473A (Applied Biosystems Foster 
C "tyTlrBr"protein S ofinterest were subjected to electrophoresis 
S 16% SDS-PAGE gels and transferred onto ProBlott™ membranes 
£ D pHed Tmosystems). The proteins were visualized by Coomass.e Bnl- 
SC Sng and excised for direct NH 2 -terminal sequencing. For 
peptide mapping purified natural hIL-18 was digested with clostnpain 
flffi^nd the ^suiting peptide fragments were separated using a 
2 5 ml ODS-120T column (Tosoh) with 20 bed volumes of increasing 
acetonitrile lmear gradient (0-70% acetonitrile) in 0.1% tnfluoroacetic 
rcfHluW fragments detected at a wavelength of 214 nm were sepa- 
rately collected and analyzed. 

Preparation of Precursor hIL-18 
A 0 8-lulobase cDNA encoding precursor hIL-18 (3) was ligated into 
the expression vector BCMGSNeO (13). The hIL-18 expression vector 
^ ISSXLd into CHO-K1 cells by el ectr operation, and transfec- 
Unts were harvested after 3 days. The expressed protein was analyzed 
by immunoblotting using a h IL-18 -specific mAb (25-2G). 

Preparation of Recombinant Human ICE (rhICE) 
Human ICE cDNA was cloned from THP.l cells using the PCR 
7wi PPR nrimers were designed based on the published hICE 
^eotidrseVenr^rCOS-l Sb were tWected XX ,y el ela- 
tion with an expression construct containing hICE cDNA into , pCDMS 
expression vector (Invitrogen, San Diego) and harvested after 3 days. 
£ote?ns from the cells were extracted with hypotonic buffer using a 
bounce hoTgenizer. The supernatant of this ^^J™™' 
bated at 37 °C for 1.5 h to activate ICE precursor and ■ P£££ 
purified by ammonium sulfate fractionation followed by DEAE-5PW 
and Superdex 75 column chromatographies. 

hIL-18 Assay 

Th B ouantities of hIL-18 were assessed by a two-site sandwich 
ELISA SoinTmAbs prepared in our laboratory (15). The bioactivity of 
h£lB wls^ssedV its IFN-7-inducing activity on the myelomono- 
cvtic cell line KG-1. 3 Briefly, 3 X 10 s KG-1 cells suspended in RPMI 
1640 mXm containing 10% fetal bovine serum were seeded in a 
96 weU microplate. Samples were added to the wells and incubated for 
24 h and IFN-7 activity induced in the culture supematants was 
assessed by ELISA. 

Measurements of ICE -like and CPP32-like Activities 
ICE-like and CPP32-like activities were measured using the fluoro- 
a^ic Substrates Ac- YV AD -MCA and Ac-DE VD -M C A , respectively (12, 
14 1 8 ) B "iefly , l aw substrate and samples (10 & were incubated at 
37 -C n the presence of 20 mM Hepes, 10% glycerol, and2mM DTT in 
S-^iSiSutB. (100 & at pH 7.4 for 3 h (ICE-like 
or at pH 6.5 for 0.5-1 h (CPP32-like activity assay). The levels of 
Generated 4-amino-2-methylcournarin were assessed with a fluores- 
cence pUte reader (FluoroScan II, Labsystems Japan, Tokyo) at a 
wTvelengS of 355 nm for excitation and 460 nm for emission^The 
rtivitiefof these proteases were calculated and normalized as pmol of 
4-amino-2-methylcoumarin formed//xl/mm. 

RESULTS 

hIL-18 mRNA Is Predominantly Detected in Myelomonocytic 
Cell Lines -To identify hIL-18-producing cell tines we first 
examined the level of constitutive expression of hIL-18 i rnRNA 
by reverse trans crip tion-PCR analysis using ML-18-specific 



Constitutive expression of hIL-18 mRNA in hematopoietic cell lines 
The levels of constitutive expression of hIL-18 mRNA were examined 
by reverse trans cription-PCR analysis using IL-18-spe cifi c pnmera 42 
hematopoietic cell lines of various lineages s ^^/^ e *^^v 
of expression was judged from the density of the band detected, very 
strongly expressed, + + + ; strongly expressed; + + ; weakly expressed; 
4-; no expression, — . . 
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« K Konishi, F. Tanabe, M. Taniguchi, H. Yamauchi, T. Tanimoto. M. 
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primers. 42 hematopoietic cell lines of various lineages were 
screened. hIL-18 mRNA was highly expressed in myelomono- 
cytic cell lines such as THP.l, KG-1, HBL-38. and HL-60, and 
some non-lymphocytic and non-myelomonocytic cell lxnes such 
as MEG-01 and TS9;22. In some B cell and non-T, non-B cell 
lines such as BJAB, MOLP-2, and NALM-20, weak expression 
of hIL-18 mRNA was observed. Interestingly, no expression 
was observed in T cell lines (Table I). 

Purification of Natural hIL-18 -Initially, we dweton^ 
elomonocytic cell lines (THP.l, HL-60, U-937, and HBL-38) and 
two non-L, non-M cell lines (HEL and MEG-01) as targets for 
the detection of natural hIL-18 at the protein level As a pre- 
liminary study, culture supematants or extracts of these cell 
lines were analyzed using hIL-18-specific ELISA and immuno- 
blotting. Small amounts of hIL-18 were detected in the cell 
extracts of THP.l and U937 cells, but little or no hIL-18 was 
detected in the culture supematants (data not shown)- Fur- 
thermore, hIL-18 was found mostly in the cytosohc fraction of 
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Fig 1. Purification of natural hIL-18. Panel A, DEAE-Sepharose 
Fast Flow chromatography. The cell-free extract (7.2 liters) from THP.l 
cells was loaded onto a 3.6-liter DEAE-Sepharose Feat Flow column as 
described under "Experimental Procedures." hIL-18 activity was as- 
sessed by ELISA. The shaded bar indicates active fractions that were 
pooled for the next purification step. Dashed line NaCl concentration; 
solid line, A 280 absorption. Panel B, DEAE-5PW chromatography. The 
pooled fractions from DEAE-Sepharose chromatography were loaded 
onto a 550-ml DEAE-6PW column as described under Experimental 
Procedures." Dashed line, NaCl concentration; solid line A^ 0 absorp- 
tion; closed circles, hIL-18 concentration. Panel C, SDS-PAGE analysis 
of affinity-purified natural hIL-18. Coomassie Brilliant Blue staining 
(left) and hIL-18 activity extracted from sliced poly acryl amide gel frag- 
ments (right) are shown. Sliced gel fragments (2- or 5-mm thickness) 
were soaked in 0.6 or 1.25 ml of RPMI 1640 medium containing 10% 
fetal bovine serum for 12 h at 4 °C, and then supematants were sub- 
jected to ELISA (open circles) and IFN-y-inducing assay on KG-1 cells 
(closed squares). 

the cells. Next we employed some differentiation-inducing 
agents (lipopolysaccaride, retinoic acid, A23187, and phorbol 
myristate acetate) to investigate whether these reagents can 
augment the production or secretion of hIL-18. However, no 
significant elevation in the levels of intra- or extracellular 
HIL-18 was observed (data not shown). Based upon the above 
mentioned preliminary results, we selected the cytosolic ex- 
tract of THP.l cells as a starting material for the isolation of 
natural hIL-18. For this purpose, large numbers of THP.l cells 
were obtained with an i?i vivo cell propagation method (9, 10), 
and a cytosolic extract was prepared by hypotonic lysis. The cell 
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Fig U. Amino acid sequences of hIL-18 and alignment with the 
murine homolog. Alignment of the protein sequences of human and 
murine IL-18 is shown. Asterisks (*) denote residues that are identical 
in the two sequences. The vertical arrow indicates the NH 2 terminus of 
the maturation site of natural hIL-18 at which proteolytic processing 
occurs. Partial sequences of natural hIL-18 confirmed by Edman se- 
quencing are underlined. The starting residues of each sequence are 
numbered to the left of the sequence. 

extract was subjected to DEAE anion-exchange chromatogra- 
phy twice (Fig. 1, A and B) for the purification of natural 
hIL-18. Subsequently, affinity purification on anti-hIL-18 
mAb-conjugated Sepharose was employed. The purified protein 
had a molecular mass of 18.2 kDa on SDS-PAGE under reduc- 
ing conditions and exhibited IFN-7-inducing activity on KG-1 
cells (Fig. 1C). The overall yield of natural hIL-18 after affinity 
purification ranged from 3 to 30 ^g/10 11 cells. Direct amino acid 
sequencing of the affinity- purified polypeptide showed that the 
NH 2 -terminal amino acid is Tyr 37 . Furthermore, the ammo 
acid sequences of the peptides prepared from the purified 
polypeptide coincided with those deduced from the cDNA (Fig. 
2; underlined). These results indicate that the purified polypep- 
tide derived from THP.l is a mature form of hIL-18 proteolyti- 
cally processed behind the Asp 36 residue in a manner similar to 
that of the murine homolog (Fig. 2; vertical arrow) (1, 2, 6). 

Biological Analysis of Natural ML- 18 -To confirm the bio- 
logical activities of the protein purified from THP.l, IFN-y- 
inducing ability and enhancement of NK cell cytotoxicity of the 
natural hIL-18 were examined on human PBMC. In the pres- 
ence of anti-CD3 mAb, a concentration as low as 5.5 pM of 
either natural or recombinant hIL-18 significantly augmented 
IFN-y production by PBMC (Fig. 3A). Pretreatment of PBMC 
with natural hIL-18 enhanced NK cytotoxicity against a target 
cell line, K562, in a mariner similar to that of the recombinant 
hIL-18 (3). The enhancement of NK cell cytotoxicity was ob- 
served at concentrations as low as 0.55 pM (Fig. 3B). These 
results suggest that the purified natural hIL-18 is equivalent to 
the recombinant protein in its biological functions. 

THP.l CellLysate Contains Two Types ofProhIL-18-process- 
ing Activities -Besides the natural hIL-18, the THP.l cell-free 
extract also contained the precursor protein as determined by 
immunoblotting (data not shown). This suggests that proteo- 
lytic maturation occurs in THP.l cells or in the cell-free extract 
during the purification process. The amino acid sequence of the 
hIL-18 maturation site (Asp 36 -Tyr 37 ) seems to be specific to 
caspases (16) or granzyme B (17), suggesting the presence of an 
IL-18-converting enzyme (hIL-18-CE) in the cytosolic extract of 
THP 1 cells. To confirm this, the recombinant precursor protein 
of hIL-18 (prohIL-18; p24) was incubated for various periods 
with the THP.l cell extract. Immunoblotting using hIL-18- 
specific antibody (25-2G) revealed that prohIL-18 was proteo- 
lytically cleaved by the THP.l extracts to generate three cleav- 
age products with molecular masses of 18 kDa (pl8), 16 kDa 
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Fiq. 3. Biological activities of natural hlL-18 on human PBMC. 

Panel A, induction of IFN-y production by PBMC in response to hlL-18. 
Human PBMC (5 x 10 e cells/ml) from healthy donors were incubated 
with various concentrations of natural or recombinant hlL-18 in the 
presence or absence of 0.1 /xg/ml anti-CD3 mAb for 24 h. The amounts 
of IFN-y produced in the culture supernatants were assessed by human 
IFN-y ELISA. Closed circles and closed squares indicate the response to 
natural and recombinant hlL-18 in the presence of anti-CD3 mAb; open 
circles and open squares indicate the response to natural and recombi- 
nant hlL-18 without anti-CD 3 mAb, respectively. Panel B, enhance- 
ment of NK cell cytotoxicity in response to natural hlL-18. Human 
PBMC (3 x 10 6 cells/ml) were incubated with various concentrations of 
natural hlL-18 for 48 h and then assayed for lytic activities against 
KB 62 target cells. The result shown was obtained at an effector:target 
ratio of 6:1. Each value is presented as a mean ± S.D. (n. = 3). 



(pl6), and 16 kDa (pl5), respectively (Fig. 4A). pl8 can be 
detected within the first 30 min and subsequently, pl6 and pl5 
appeared sequentially. Prolonged incubation resulted in a dis- 
appearance of the prohIL-18 band and in a decreased intensity 
of the pl8 band. In contrast, an increase in the intensity of the 
p!6 and pl5 bands was observed. No significant proteolysis of 
these pl6 and pl5 bands was observed upon prolonged incuba- 
tion, suggesting that there are at least three cleavage sites in 
prohIL-18 acting as substrates for the processing protease(s). 
In the same experiment, hlL-18 activities were measured by a 
hIL-18-specific ELISA (15) and by IFN-y-inducing assay on 
KG-1 cells (Fig. 4B). KG-1 cells produce IFN-y in response to 
hlL-18, but not to IL-12. 3 hlL-18 activity correlated with the 
appearance of the pl8 molecule. p24, pl6, and p!5 were hardly 
detectable by the ELISA and show little or no IFN-y-inducing 
activity on KG-1 cells (Fig. 4B). Next, to determine whether 
proteolytic cleavage is caused by ICE family proteases or by 
granzyme B, various protease inhibitors were employed. As 
expected, proteolysis showed features characteristic of 
caspases. The generation of the processed products was only 
completely inhibited by a thiol-alkylation reagent, iodoacet- 
amide. Ac-YVAD-CHO inhibited the generation of pl8 selec- 
tively and had no effect on that of pl6. In contrast to this, 
Ac-DEVD-CHO inhibited the generation of pl6 and had no 
effect on that of pl8 (Fig. 4C). These results suggest that there 
are at least two IL-18-processing enzymes in THP.l cell lysate, 
one is an ICE-like protease generating pl8, the mature form of 
hlL-18, and the other is a CPP32-like protease generating pl6 
and/or pl5, inactive degraded products of hlL-18. 

Separation of the Converting and Degrading Enzymes —To 
confirm the above findings further, we tried to separate the two 
hIL-18-processing activities, hIL-18-con verting activity (ICA) 
and hIL-18-degrading activity (IDA), from the cytosolic extract 
of THP.l cells. Purification methods were partially based on 
those reportedly used for the separation of ICE (12, 14). Two 
activities were distinctly separated by DEAE-5PW column 
chromatography (Fig. 5, insets). ICA eluted sharply at a low 
NaCl concentration, whereas IDA eluted at a relatively high 
NaCl concentration as a broad peak. We also examined the 
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Fig. 4. In vitro prohIL-18 cleavage assays using THP.l cell 
lysate. Panel A, a preparation containing about 200 ng of prohIL-18 
was incubated with THP.l cell lysate (30 j*l) at 37 B C for the indicated 
periods in the presence of 20 mM Hepes, 10% glycerol, and 2 mM DTT, 
at pH 7.4 in a total volume of 50 jxl. Cleaved products were analyzed by 
a standard immunoblotting method with anti-hIL-18 mAb (25-2G). 
Blots were developed using enhanced chemiluminescence (ECL) detec- 
tion reagents (Amersham international, Buckinghamshire, U. K). 
Panel B t hlL-18 activities of the reaction mixtures were assessed by 
IFN-7-inducing assay on KG-1 cells (hatched columns) and hlL-18 
ELISA (open columns). Each value is presented as a mean ± S.D. (n 
3). Panel C, various protease inhibitors were added to the prohIL-18 
cleavage reactions and incubated for 2.5 h under the same conditions as 
described in panel A. Blots were developed using ECL detection re- 
agents. Final concentrations of inhibitors used were: E64, 30 /xM; anti- 
pain, 75 fjM; Ac-DEVD-CHO, 10 /xM; iodoacetamide, 650 jxM; Ac-YVAD- 
CHO, 6 fjM; phenylmethylsulfonyl fluoride (PMSF), 1 mM; leupeptin, 1 
fjM; aprotinin, 0.3 /am; pepstatin A, 1 jam; EDTA-2Na, 1.5 mM; control, 
without inhibitor. 

ICE-like and CPP32-like activities (14, 18) in the DEAE elutes 
using the fluorogenic substrates Ac-YVAD-MAC and Ac- 
DEVD-MAC, respectively (Fig. 5). The ranges of activities of 
these two fluorogenic assays coincided with those of ICA and 
IDA as assessed by in vitro prohIL-18 cleavage assay, although 
high concentrations of IDA also exhibited Ac-YVAD-MAC 
cleavage activity. This cleavage of Ac-YVAD-MAC by IDA was 
confirmed using further purified preparations containing high 
concentrations of IDA (data not shown). Therefore, for further 
purification of ICA and IDA, we employed both ICE-like and 
CPP32-like cleavage assays on fluorogenic substrates and the 
in vitro prohIL-18 cleavage assay. 

hlL-18-converting Enzyme Is ICE— hIL-18-CE was partially 
purified by S-Sepharose cation-exchange column chromatogra- 
phy, Mono S column chromatography followed by Superdex 200 
column chromatography (data not shown). The fractions con- 
taining hIL-18-CE from Superdex 200 chromatography were 
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Fig. 5. Separation of two types of hIL-18-processing activities which coincided with ICE-like and CPP32-like activities. The 
precipitate from 80% saturated ammonium sulfate fractionation was dialyzed against HGCD buffer and eluted in a 550-ml DEAE-6PW column as 
described under "Experimental Procedures." hIL- 18 -processing activities in the fractions were detected by prohIL-18 cleavage assay {insets). 
ICE-like and CPP32-like activities in the fractions were measured as outlined under "Experimental Procedures." ICA {left inset, fractions 19 and 
20) coincided with ICE-like activities {open circles), and IDA {right inset; fractions 33-48) coincided with CPP32-like activities {closed circles). A 2S0 
absorption and NaCl concentrations are shown as the solid line and the dashed line, respectively. 



subjected to NH 2 - terminal amino acid sequence analysis. From 
this analysis, both the large and small subunits of ICE (p20 and 
plO) were detected at about an equal molar ratio (Table II). The 
existence of these two subunits in the preparation was also 
confirmed by immunoblotting using anti-plO and anti-p20 an- 
tibodies, respectively (data not shown). This suggested that 
hIL-18-converting enzyme may be ICE itself. To confirm this 
possibility, in vitro cleavage assays of precursor human IL-1/3 
by partially purified hIL-18-CE were performed. hIL-18-CE 
could cleave precursor human IL-10 to generate the 17.5-kDa 
mature IL-1/3 as well as the mature hIL-18 (Fig. 6A). These 
cleavage activities were inhibited by Ac-YVAD-CHO and io- 
doacetamide. The bioactivity of the mature proteins was con- 
firmed by IFN-y-inducing assay for hIJL-18 and D10.G4.1 pro- 
liferation assay (19) for IL-1/3 (data not shown). Furthermore, 
recombinant hICE cleaved prohIL-18 to generate the mature 
hIL-18 (Fig. 6B). These results support the conclusion that 
hIL-18-converting enzyme is ICE. 

hIL-18-degrading Enzyme Is CPP32 — hlL~ 18 -degrading en- 
zyme (ML-18-DE) was partially purified by S-Sepharose cat- 
ion-exchange column chromatography, Mono P chromatofocus- 
ing, Superdex 200, followed by hydroxyapatite column 
chromatographies (data not shown). Some members of the 
caspases, particularly those of the CPP32 subfamily, are re- 
ported to cleave poly(ADP-ribose)polymerase efficiently (18, 20, 
21). Therefore, we tested this cleavage ability using partially 
purified hIL-18-DE. THP.l cell-derived hIL-18-DE cleaved en- 
dogenous poly(ADP-ribose)polymerase to generate an NH 2 -ter- 
minal 30-kDa fragment as well as degraded prohIL-18 (Fig. 
7A). The preparation containing partially purified hIL-18-DE 
was also subjected to NH 2 -terminal amino acid sequence anal- 
ysis. From this analysis, both the large and small subunits of 
CPP32 (pl7 and pl2) and the small subunit of CMH-1 (pl2) 
were detected (Table II). The quantities of these two enzymes 
were estimated to be comparable. Immunoblotting analyses 
also showed that both CPP32 and CMH-1 do indeed exist in the 
preparation containing hIL-18-DE (data not shown). These re- 
sults suggested that the candidate for the hIL-18-degrading 
enzyme was either CPP32 or CMH-1, Cleavage assays using 



recombinant enzymes showed that effective degradation of pro- 
hIL-18 is caused by CPP32 but not by CMH-1 (Fig. 7B). CPP32 
cleaved prohIL-18 >125-fold and >25-fold more efficiently 
than CMH-1 at pH 6.5 and pH 7.2, respectively (data not 
shown). From these results, we conclude that hIL-18-DE found 
in THP.l cell lysate is CPP32. 

DISCUSSION 

Natural hIL-18 and its processing enzymes were identified in 
the cytosolic extract of monocytic THP.l cells. It has been 
reported that murine IL-18 is produced by activated Kupffer 
cells (2) or intestinal epithelial cells (22). Fully activated 
Kupffer cells are considered to be able to secrete murine IL-18 
efficiently with the aid of ICE (7). At the mRNA level, IL-18 is 
constitutively expressed in Kupffer cells, but the levels of IL-18 
mRNA failed to elevate after injection of P. acnes intraperito- 
neally. 4 In our study, to identify h IL-18 -producing cell lines, 
constitutive expression of hIL-18 mRNA in 42 hematopoietic 
cell lines was examined. High levels of mRNA expression were 
detected predominantly in myelomonocytic and non-L, non-M 
cell lines. Some B cell and non-T, non-B lines showed low 
expression of IL-18 mRNA, whereas T cell lines did not show 
any expression at all. These results strongly support the notion 
that major IL-18-producing cells are macrophage-like cells. 

During purification of natural hIL-18, endogenous precursor 
protein or probable degraded products were detected by immu- 
noblotting analysis, from which the mature hIL-18 was isolated 
selectively by specific affinity chromatography (Fig. 1C). In 
respect of the enhancement of NK cell cytotoxicity and IFN-y 
production by human PBMC, purified natural hIL-18 pos- 
sessed the same biological functions as those of the recombi- 
nant protein that had an NH 2 -terminal sequence tentatively 
assigned based on homology with the murine natural IL-18 
(Fig. 2). In fact, the maturation site of natural hIL-18 was in 
accordance with that of the murine homolog. hIL-18 has no 
putative iV-linked glycosylation site, and the theoretical molec- 



4 Tsutsui, H,, Matsui, K, Kawada, N., Hyodo, Y., Hayashi, N., Oka- 
mura, H., Higashino, K., and Nakanishi, K. (1997),/. Immunol., in press 
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Table II 

~* *fhJT IS-orocessine enzymes detected in partially purified preparations 
NH r terminal amino acid sequences of hlL- 18 processing enzy £ analysis followed by direct NH a -terminal 



sequencing 
analysi s. 

Polypeptide 

hIL-18-CE 
22 kDa 

10 kDa 
hIL-18-DE 

17 kDa 
12 kDa 

11 kDa 



Amino acid sequence 



D/N a 
A 

S 
S 
A 



P A M 
IKK 



P T 
A H 



-G-EGNVK 
E K D F I A F 



L - 



GIKLDN-YKM 

GVDDDMA-H 

-PRYKIPVEA 



Y P E M - - I 



Assigned protein 

hICE-p20 
hICE-pIO 

hCPP32-pl7 
hCPP32-pl2 
hCMH-l-pl2 



- Two amino acids (Asp and Asn) .were det ected in the first cycle of the Edman sequencing. 




^ prohiL-18 
mature hlL-1B 

<x prohlL-1 3 
^mature hlL-1 £ 



144 — 



B 



prohlL-18 
rhlCE 
vector 




^ prohlL-18 
mature hIL-18 



14.4 - 



Nucleic extract 
+ 

hlL-18-DE 



kDa 




a PAflP 



-=* PARP* 



kDa 
30 

20.1 




B 



kDa 



I prohlL-18 t prohlL-18 
" o + ° + 
d g CPP32 i CMH-1 




7 4 in a to al reaction volume of 50 pi. /, Y, and N ^Xt°^tZ^ 

L-YVAD-CHO, and without to^^.^P?*^-.^^-noTS 
were ana'vzed by immunoblotting with anb-hIL-18 mAb (25-20) or 
«\n Yft nAb and visualized by enhanced chemiluminescence detee- 
Son relgentf P* nel B a Operation containing about 100 ng of pro- 
ML-18 was incubated with partially purified recombinant hICE (30 £) 
"tn thl same conditions as in panel A. Vector denotes the «wm*te 
Reparation from COS-1 ceUs transfected with .con rol ^otor (pCDMS). 
Cleaved products were visualized by immunoblotting as in Fig. 4A. 

ular mass deduced from the genetic information is 18,217 Da. 
The molecular mass of natural ML-18 determined by 8D8- 
PAGE analysis is 18.2 kDa (Fig. 1Q. These results suggest that 
THP 1-derived natural hIL-18 is a monomeric XS-kDa protein 
without a sugar chain or post-transcriptional mo .ficahon. 

Natural prohlL-18 is detected as a 24-kDa band by SDS- 
PAGE analysis under reducing conditions although the theo- 
TetSal molecular mass of prohlL-18 is 22,326 Da. Moreover, 
seems likely that the NH 2 terminus of natural pronIL-18 is 
blocked by unknown modification from the finding that the 



FKJ. 7. In vitro cleavage assays for the identification ofML-lft. 

DE Panel A, nucleic extract containing PoW^:"^?^ 0 ^?"^ 
was prepared from THP.l cells by the method of Sadowekx and 1 Oilman 
(36) Nucleic extract (2 /xl) from THP.l cells was mcubated at 37 C for 
KHS ^ parUaV purified hIL-18-DE (5 - under *e same 

flAt ,j:H nn . PAUP* denotes the degraded form of polyCADF-nDOsejpo- 
ymt™(X^^ 

incubated at 37 'C for 2 h with partially purified ML-18-DE (10 mJ) with 
20 mM Hepes, 10% glycerol, 2 mM DTT at pH 6.6 -^^""^ 
reaction volume (right). D, Y, I, and N denote Ac-DEVD-CHO (10 iM), 
Ac^WAD-CHO (10%), iodoacetamide (650 ,xM), and w.thout inhibitor 
raoectively Cleaved products were analyzed by immunoblotting with 
aXhl£l TmAb *VaG) or anti-human poWADP-riboseJpolymerase 
oAb and enhanced chemiluminescence detection reagents. Panel B, a 
pTparation containing about 100 ng , ,f CMIM 
37 °C for 2 h with 50 nM purified recombinant f*^" C ™£ £ 

in the presence of 20 mM Hepes, 10% glycerol, and 2 mM DTT at pH b.8 
in a reartion volume of 10 ^ Cleaved products were visualized by 
immunoblotting as in Fig. 4A. 

NH,-terminal amino acid could not be analyzed by the direct 
sequencing method (data not shown). These results suggest 
that prohlL-18 may be modified to facilitate its constitutive 
presence in the cell. This further implies that specific secretion 
mechanisms may be active in macrophage-like cells to trans- 
port mature IL-18 into the extracellular space similarly to 
IL-10 However, preliminary studies on hIL-18 mRNA-express- 
ing cell lines failed to detect extracellular ML-18 even under 
the same conditions that IL-10 secretion is observed (data not 
shown). This might be due only to the lack of accumulation of 
the precursor protein in the cytoplasm. Another Po^^ 18 
that the regulatory mechanisms for secretion may be different 
between hIL-18 and IL-10. The latter assumption is supported 
by the hypothesis on the multistage regulation of IL-10 secre- 
tion proposed by Siders and Mizel (23). 
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ICE CPP32 

i ! v v 

IMWL. LESD^Y'TGK, DMTD"-S"DCRD"-N 7T APR^ qesd"°1 
Precursor form (Inactive) 




(p16,p15) 



Degraded forms (Inactive) 

Pig. 8. Schematic illustration of cleavage sites in hIL-18. 
hIL-18 is synthesized as a biologically inactive 24-kDa precursor 
polypeptide (p24). LESD^-Y 87 is the maturation site for p24 cleaved by 
ICE to generate the active pl8 molecule, and GXXD-Xs (DMTD 71 -S 7a 
and DCRD 76 - A 77 ) are the cleavage sites for CPP32 resulting in the 
generation of biologically inactive pl6 and pl6 products. All three 
cleavage sites for processing enzymes in hIL-18 were determined by 
NH 8 -terminal amino acid sequence analysis of the cleaved products. 

With respect to the structural similarity between IL-18 and 
IL-1/3, the IL-1 signature -like sequence (3) and structural sim- 
ilarities including the lack of signal-peptide sequences have 
been reported (4). Moreover, involvement of ICE/caspase-1 in 
the maturation of endogenous hIL-18 has also been confirmed 
in this report. However, the biological functions of IL-18 show 
clear differences from those of IL-1/3 in terms of the augmen- 
tation of NK cell cytotoxicity and IFN-y and granulocyte-mac- 
rophage colony-stimulating factor production by T cells and the 
induction of T cell proliferation (3, 24). Furthermore, although 
IL-10 is known to act as an accessory molecule in the activation 
of Th2 cells (25), IL-18 reportedly acts on Thl cells but not on 
Th2 cells to augment IFN-7 production and induces prolifera- 
tion and IL-2 receptor a-chain expression of Thl cells (26). 
Thus, IL-18 and IL-1/3 exhibit different biological functions 
transmitted through their specific receptors. 2 

THP.l is well known as an ICE- and CPP32-producing cell 
line (14, 18). Therefore , it is not surprising that these two 
enzymes were identified in THP.l cell-free extracts. Of great 
interest is that a common substrate of ICE and CPP32 was 
found concurrently. Fig. 8 shows the schematic illustration of 
experimentally determined cleavage sites for hIL-18 by ICE 
and CPP32. As described above, cleavage by ICE occurs at 
Asp 36 -Tyr 37 . This cleavage site is reportedly recognized also by 
ICH-2/caspase-4 and ICE-rel III/caspase-5 but much less effi- 
ciently than ICE/caspase-1 (8). The recognition site for ICE 
cleavage and maturation of hIL-18 differs markedly from that 
of IL-1/3, LESD-Y for hII^18 and YVHD-N for IL-1J3, respec- 
tively. Many studies have been performed to date based on this 
tetrapeptide sequence motif to design ICE inhibitors for thera- 
peutic usage (14, 27-32). The LESD motif also might become a 
useful candidate for the generation of an effective ICE inhibitor. 

In the case of CPP32, cleavage sites for hIL-18 degradation 
are Aep 71 -Ser 72 and Asp 76 -Asn 77 , resulting in the generation of 
inactive pl6 and pl5, respectively. This indicates that the 
NH 2 -terminal portion of the mature hIL-18 (Tyr 87 -Asp 71 ) is 
indispensable for the expression of its bioactivity . The TiXXD-X 
motif is known to be a specific target sequence for cleavage by 
the CPP32 subfamily to which CPP32/caspase-3 (18), CMH-1/ 
Mch3/caspase-7 (21, 33), and Mch2/caspase-6 (20) belong. 
Moreover, in vitro cleavage assays using mature hIL-18 re- 
vealed that CPP32 cleaved not only prohIL-18 but also mature 
hIL-18 as a substrate to generate the same biologically inactive 
products, pl6 and pl5 polypeptides (data not shown). These 
results suggest that CPP32 may act as a potential down-regu- 



lator of IL-18. 

We observed these enzymatical cleavages in in vitro cell-free 
systems. Further experiments are therefore necessary to ad- 
dress physiological processing or secretion mechanisms for IL- 
18. However, under physiological conditions, it is likely that 
proIL-18 and proIL-lj3 may compete with each other as sub- 
strates for endogenous active ICE. It is reported that proIL-1/3 
seems to act as an endogenous competitive inhibitor against 
cleavage of other "death substrates" by ICE in Fas-mediated 
apoptosis (34). proIL-18 may compete or cooperate with 
proIL-1/3 in such an apoptotic event. In addition, Fas-mediated 
apoptosis induces sequential activation of ICE-like and CPP32- 
like enzymes in murine thymocytes (35). It seems possible that 
endogenous prohIL-18 and/or mature h IL-1 8 also might be 
linked to the sequential activation of these caspases during 
apoptotic events. The fact that two caspases (ICE and CPP32) 
which might act sequentially could operate the "activation/ 
inactivation switch," for IL-18 is a very attractive model for 
further study on physiological roles of IL-18. 

In conclusion, the analyses on natural hIL-18 purified from 
monocytic THP.l cells have revealed the involvement of endog- 
enous ICE/caspase-1 in its maturation. Moreover, endogenous 
CPP32/caspase-3 was found to degrade hIL-18 to biologically 
inactive forms effectively. Although further experiments are 
necessary to demonstrate the secretion mechanism or physio- 
logical regulation of IL-18, these findings will help to shed some 
light on the potential roles of IL-18 in immune responses. 
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